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Pavel Anzenbacher, Jr.*[a] 
 
Abstract: A highly accurate and reliable screening method for 
enantiomeric excess of amine derivatives in the presence of water is 
reported. The fluorescence-based screening system has been 
realized by self-assembly of chiral diol-type dyes (BINOL, VANOL and 
VAPOL), 2-formylphenylboronic acid, and chiral amines forming 
iminoboronate esters. Structure and chirality of the amine analytes 
determine the stability of the diastereomeric iminoboronate esters, 
which in turn display differential fluorescence. The fluorescence signal 
reflects the enantiomeric purity of the chiral amines and was utilized 
in high-throughput arrays. The arrays were able to recognize 
enantiomeric excess of amines, amino esters, and amino alcohols. In 
addition to qualitative analysis, quantitative experiments were 
successfully performed. Studies of the role of additives such as water 
or citrate were carried out to gain insight into the stability of the 
iminoboronate esters. It is shown that the above additives destabilize 
less stable esters while the stable esters remain unchanged. Thus, 
the presence of water and citrate leads to increased difference 
between the diastereomeric iminoboronates and contributes to the 
enantiodiscrimination of the chiral amines. 
Introduction 
Chiral amines are important biologically active compounds,1 chiral 
auxiliaries,2 as well as valued synthons in asymmetric synthesis 
either as starting materials or ligands and catalysts for a number 
of asymmetric transformations.3 Furthermore, chiral amines are 
used in pharmaceutical chemistry as drugs and drug precursors.4 
Chiral amines are available from the chiral pool or from 
enantioselective syntheses.5 Due to their importance, analysis of 
enantiomeric purity and determination of enantiomeric excess 
(e.e.) play a pivotal role in organic and pharmaceutical chemistry, 
and the development of methods for rapid and accurate 
determination of e.e. are highly desirable.6 
Typical analyses of the enantiomeric purity require GC and HPLC 
with chiral columns,7 the measurement of optical rotation,8 or 
NMR spectroscopy using chiral shift reagents.9 Recently, optical 
methods such as UV-Vis spectroscopy using chiral probes10 and 
circular dichroism (CD)11 spectroscopy were brought to high-
throughput level.12 However, with few exceptions,13 these 
methods are not suitable for high throughput-screening (HTS) 
and, despite significant effort, the development of methods for the 
determination of enantiomeric purity in a high-throughput fashion 
are in their early stages. 
Molecular self-assembled systems utilizing boronate esters have 
been widely employed in fields as disparate as saccharide 
recognition,14 catalysis,15 molecular sensing,16 drug delivery,17 
development of stimuli responsive materials,18 light emitters,19 
organic electronic materials,20 and self-healing materials.21 
Iminoboronates are of particular interest as excellent molecular 
building blocks22 for covalent dynamic assemblies23 which found 
application in sensing of enantiomeric excess24 in amines25 and 
diols.26 
Recently, James and Bull reported that a ternary system 
consisting of enantiomerically pure 1,1’-bi-2-naphthol (BINOL), 2-
FPBA, and an α-chiral primary amine assembles upon mixing to 
form diastereomeric iminoboronates that display characteristic 1H 
NMR spectroscopic shifts corresponding to the amine enantiomer 
used to establish the iminoboronate.27 More recently, we have 
demonstrated that iminoboronates comprising  
Scheme 1. Self-assembly formation between a diol-type fluorophore, 2-FPBA, 
and a chiral amine or amine derivative. 
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2-FPBA, chiral amines and enantiopure fluorescent diols such as 
BINOL, VANOL or VAPOL (Scheme 1) show differential 
fluorescence for the respective amine enantiomers.28 We believe 
that this differential fluorescence signal is useful in high-
throughput determination of enantiomeric excess (e.e) using a 
simple microplate fluorescence reader. While successful in 
differentiation of amines carrying aromatic residues, the 
performance in differentiation of aliphatic amines and aliphatic 
amino esters was found lacking. The present study reports on our 
current efforts to remedy this deficiency. 
Results and Discussion 
With this research we develop a deeper insight into the amine-2-
FPBA-diol systems and their utility for the analysis of enantiomeric 
excess in amines. With our preliminary report,28 we have shown 
the X-ray crystal structures of the enantiomeric pair of 
iminoboronate esters (S,S and R,R) self-assembled from FPBA, 
α-methylbenzylamine (MBA) and VAPOL (1:1:1 stoichiometry), 
which display the pseudotetrahedral geometry of the boron atom 
coordinated to the imine nitrogen. 
Figure 1. The DFT optimized structures of two diastereomers: (left) (S,S)- and 
(right) (S,R)-iminoboronate esters self-assembled from FPBA, MBA, and 
VAPOL. Calculations were performed in Gaussian ’09.29 
Here, we have performed density functional theory (DFT) 
calculations of diastereomeric and enantiomeric couples that 
reveal the formation of complexes in 1:1:1 stoichiometry of a 
fluorescent chiral diol (VANOL or VAPOL), 2-FPBA, and a chiral 
amine. The molecules were optimized at the DFT level of theory 
with the B3LYP functional and the 6-31G* basis set. The effect of 
the acetonitrile solvent was included implicitly using the 
Polarizable Continuum Model (PCM). DFT-optimized geometries 
match well the corresponding single-crystal X-ray structures. 
The calculated geometries show the same dihedral angle which 
defines the “twisting” of the two phenanthrene (VAPOL) or 
naphthalene (VANOL) planes of the fluorescent ligands among 
couples of enantiomers and diastereomers as well (53.86°, 53.78° 
for VANOL, and 60.17°, 59.98° for VAPOL). However, the 
dihedral angles corresponding to tetrahedral arrangement around 
the boron center (O1‒B‒N‒C* and O2‒B‒N‒C*) in two  
Figure 2. Top: (A) ESI MS of the iminoboronate ester self-assembled from 
FPBA, (S)-MBA, and (S)-BINOL. (B) Calculated isotope pattern for 
C35H26BNO2+. Middle: (A) ESI MS of the iminoboronate ester self-assembled 
from FPBA, (S)-MBA, and (S)-VANOL. (B) Calculated isotope pattern for 
C47H35BNO2+. Bottom: (A) ESI MS of the iminoboronate ester self-assembled 
from FPBA, (S)-MBA, and (S)-VAPOL. (B) Calculated isotope pattern for 
C55H39BNO2+. All spectra confirmed the formation of self-assemblies with 1:1:1 
stoichiometry. 
diastereomeric couples are different compared to the pairs of 
enantiomers (64.99°, 81.08° and -58.52°, -43.08° for VANOL, or 
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63.80°, 79.45°, and -59.93°, -45.08° for VAPOL). From the DFT 
models one can see that the analyte-ligand complex displays a 
different geometry around the boron center (see Supporting 
Information), which results in different stabilities of the 
iminoboronate. This in turn induces changes in fluorescence 
intensity and energy. 
Electrospray ionization (ESI) mass spectrometry was employed 
as further evidence of the stoichiometry of the self-assembled 
complexes of chiral amines. ESI MS confirmed the successful 
formation of self-assemblies of the diol-fluorophore, FPBA and 
analytes with 1:1:1 stoichiometry (Fig. 2). 
Next, fluorescence titrations with amines, amino esters, and 
amino alcohols were performed. As guest analytes, we selected 
2-aminobutane (AMB), methylbenzylamine (MBA), 
methylphenethylamine (MPA), 1-(2-naphthyl)ethylamine (NEA), 
cis-1-amino-2-indanol (AID), 2-amino-3-phenyl-1-propanol (APP), 
and methyl esters of alanine (Ala-OMe), phenylalanine (Phe-
OMe), tryptophan (Trp-OMe), valine (Val-OMe), and methionine 
(Met-OMe) (Figure 3). 
Figure 3. Molecular structures of target analytes. 
The titrations were performed in MeCN, and the diastereomeric 
iminoboronates displayed interesting differences in fluorescence 
signal. In the case of amine addition, fluorescence quenching was 
observed. Similarly, the response to amino esters exhibited 
fluorescence quenching. This quenching is ascribed to a 
photoinduced electron transfer process arising from the 
nitrogen.30 However, amino alcohols such as aminophenyl 
propanol (APP) display ratiometric changes in fluorescence. 
Previously, James et al. reported that BINOL with FPBA can form 
oxazolidine boronate esters with chiral amino alcohols.31 This 
might be the reason for the difference in the observed fluorescent 
response. 
.  
Figure 4. Top: Titration profile of 1 equiv. of (S)-VANOL with 1 equiv. of 2-
formylphenylboronic acid (40 µM) upon the addition of incremental amounts of 
(1S,2R)-(-)-cis-1-amino-2-indanol in acetonitrile. λex = 335 nm. [(1S,2R)-(-)-cis-
1-amino-2-indanol] = 0 - 100 μM. Bottom: Comparison of two isotherms for the 
two enantiomers of cis-1-amino-2-indanol. 
In general, one of the iminoboronate diastereomer showed a 
larger change in fluorescence response than the other, depending 
on the structure of the chiral amine. In addition, the value of the 
apparent binding constant is in most cases different for each 
amine enantiomer. In other words, the configuration of the chiral 
amine influences the stability of the resulting iminoboronate 
complex and this stability is reflected in the fluorescence output. 
Fig. 4 top shows the fluorescence spectra of the iminoboronate 
ester self-assembled from VANOL, FPBA, and different 
concentrations of (1S,2R)-(-)-cis-1-amino-2-indanol, as well as 
the corresponding binding isotherm. Figure 4 bottom shows the 
isotherms for both enantiomers, displaying a strong fluorescence 
signal amplification and a large difference between (1S,2R)-(-)-
cis-1-amino-2-indanol and (1R,2S)-(-)-cis-1-amino-2-indanol. 
Enantiomerically pure (1S,2R)-(-)-cis-1-amino-2-indanol is a key 
intermediate for the synthesis of Indinavir, a widely used protease 
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inhibitor  of human immunodeficiency virus (HIV),32 and thus the 
determination of its enantiomeric purity is of great importance. 
 
 
Figure 5. The binding isotherms for (S)-BINOL (40 μM) with FPBA (40 μM) upon 
the addition of (S)- and (R)-methylbenzylamine in different conditions. Top: Dry 
EtCN. Middle: 5% of water (H2O) in EtCN. Bottom: 1 equiv. of citrate used as 
an additive in EtCN with 1% of H2O. 
In contradistinction, some amines such as methylbenzylamine 
and particularly aliphatic amines such as 2-aminobutane and 
aliphatic amino esters (Ala-OMe, Val-OMe, Met-OMe) could not 
be successfully resolved by the diol-2-FPBA-amine system. In 
order to achieve resolution of the enantiomers of these amines, 
we performed a series of experiments aimed at destabilizing the 
formed diastereomeric iminoboronates. The formation of the 
iminoboronates requires dynamic covalent bond formation.23 
Therefore, addition of water, one of the products from the 
boronate esterification, results in a change in the esterification 
equilibrium, and this is reflected by smaller values for the apparent 
association constants. Additives also always destabilize the 
formation of one of the two diastereomeric iminoboronates more 
than the other, effectively creating a large difference in recognition 
of the amine enantiomers. For example, the diol-2-FPBA-
methylbenzyl amine (MBA) in dry propionitrile (Fig. 5 top) does 
not show an appreciable difference between R- and S-MBA. 
However, the presence of water (Fig. 5, center) destabilizes the 
formation of the iminoboronate formed from the R-
methylbenzylamine (MBA) over S-MBA. Likewise, the presence 
of water and citric acid as a competitor and a catalyst for the 
dynamic formation of the iminoboronate and its hydrolysis 
preferentially destabilizes the iminoboronate formed from R-MBA 
(Fig. 5, bottom). As expected, the apparent association constants 
(Kassoc) values are different between amine enantiomers. These 
differences are expected to produce discrimination among 
different analytes in an array-based assay. Other competitors for 
iminoboronate formation were also tested with varying success. 
Among the additives tested were water, ethylene glycol, glucose, 
glycerol, citric acids and their mixtures. 
 
Figure 6. The qualitative linear discriminant analysis (LDA) of amine, amino 
alcohol, and amino acid ester enantiomers in H2O : MeCN = 3 : 97, v/v with 1.5 
equiv. of citrate (60 μM) as  an additive using a fluorescence assay. 
As expected, the actual values of the apparent association 
constants (Kassoc M-1, see Supporting Information) for amines, 
amino esters, and amino alcohols tested were lower in the 
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presence of water and water-citric acid compared to water or pure 
propionitrile. Thus, affinity was sacrificed for increased R-/S-
selectivity.  
To confirm that the above method is suitable for e.e. 
determination in high-throughput screening, the fluorescence 
data derived from the boronate esterification were acquired using 
384-well microplates and a fluorescence plate reader (see SI). 
Pattern recognition procedures were then adopted for the 
evaluation of the discriminatory power of the sensing system. 
First, a qualitative analysis for 11 enantiomeric pairs (Fig. 3) was 
performed using the following conditions: 40 μM and 1:1:1 
stoichiometry of the analyte, the diol-dye, and FPBA. The 
qualitative analysis (Fig. 6) was performed utilizing the different 
emission between the diastereoisomeric iminoboronate 
complexes. 
 
Figure 7. Linear discriminant analysis (LDA) describing a semiquantitative 
assay of enantiomeric composition of 2-aminobutane (top) and valine methyl 
ester (bottom) by employing the microarray. [FPBA] = 40 μM, [Diol dye] = 40 
μM, [analyte] = 40 μM. Experiments were performed in aqueous MeCN solution 
(H2O : MeCN = 5 : 95, v/v) with citrate (40 μM). 
The higher differences in the fluorescence of the enantiomeric 
iminoboronates is reflected in the linear discriminant analysis 
(LDA) plot as a greater distance between the clusters 
corresponding to amine enantiomers (Fig. 6). LDA is a supervised 
pattern recognition method, which performs two tasks: First, it 
reduces dimensionality of the multi-dimensional response data 
sets, and second, it carries out the classification of the multivariate 
data.28,33 LDA models the similarity by calculating the maximum 
distance between the clusters and the minimum distance between 
the individual datapoints within each cluster. Furthermore, the 
cross-validation routine utilizes a two-step procedure comprising 
model development and model testing to establish the degree of 
correct classification of the datapoints. The LDA has been 
employed to test sample clustering and classification. LDA 
demonstrates that this new assay could discriminate all the 
analytes including the control. The jackknife cross-validation 
yields a complete correct classification of all 23 samples 
corresponding to 11 enantiomeric pairs of analytes and the 
control. The assay successfully resolved the amine derivatives 
and organized those into three different groups: amines, amino 
acid esters and amino alcohols. Significantly, these results prove 
the assay to be fully capable of discriminating chiral composition 
in amines, amino esters, and amino alcohols. 
The qualitative analysis was then followed by semi-quantitative 
experiments focused on determination of the enantiomeric purity 
of analytes with varying ratios of R-/S- enantiomers. To show that 
this new method could differentiate between aliphatic amines, 
which were not distinguished by the original approach,28 we 
performed a semi-quantitative analysis of enantiomeric mixtures 
of 2-aminobutane and valine methyl ester samples (Fig. 7). LDA 
of the mixtures of analyte enantiomers reflects the changes in 
fluorescence response to the proportion of enantiomers in the 
samples. The respective linear discriminant analyses was able to 
completely and correctly classify (100%) of the enantiomeric 
compositions and display a highly predictable trend in the position 
of the analytes depending on the e.e. values. 
The smooth trend and predictable behavior of the data in the 
semiquantitative analysis indicated that the system had the 
potential for success in quantitative analyses and for the 
determination of the enantiomeric excess in samples of unknown 
enantiomeric composition. Using 13 data points for calibration 
and 2 data points for validation of samples with unknown 
enantiomeric composition, linear regression analysis utilizing 
support vector machine (SVM)28,33 was performed (Fig. 8). By 
definition, SVM is a supervised classification method based on 
separating classes by mapping the response data into an n-
dimensional space utilizing kernel functions. The individual 
datapoints are separated in the n-dimensional feature space. The 
SVM regression develops calibration models serving to predict 
the samples of unknown e.e.. Here, the SVM-based linear 
regression of the trials with varying enantiomeric composition 
performed a prediction for enantiomeric compositions of 2-
aminobutane and valine methyl ester. This array-based assay 
resulted in an accurate prediction of the sample behavior. The 
calculated root mean square error for prediction was < 1.9%. 
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Figure 8. Linear regression for determination of e.e. in the samples of 2-
aminobutane (Top) and valine methyl ester (Bottom). Root mean square errors 
of prediction (RMSEP) of 1.9 % relates to the error with two independent 
unknown samples. [FPBA] = 40 μM, [Diol dye] = 40 μM, [analyte] = 40 μM. 
These experiments were performed in aqueous MeCN solution (H2O : MeCN = 
5 : 95, v/v) with citrate (40 μM). 
Conclusions 
In summary, molecular self-assembled systems utilizing boronate 
esters have been successfully applied to sensing of enantiomeric 
excess in chiral amines, amino esters, and amino alcohols. These 
self-assembled complexes comprise axially chiral diol-dyes, 
formylphenylboronic acid, and amine analyte. 
The current method is based on the differential destabilization of 
the iminoboronate dynamic covalent bond by addition of water 
and citric acid which causes a change in the esterification 
equilibrium. This differential destabilization of the iminoboronates 
is reflected by smaller values of the apparent association 
constants of one of the two diastereomeric iminoboronates and 
corresponding amine enantiomer. This method allows the 
differentiation of difficult to separate amine and amine derivative 
enantiomers. 
The structures of the iminoboronate complexes were investigated 
by single-crystal X-ray diffraction, ESI MS and DFT calculations. 
The fluorescence titration experiments demonstrated that the 
fluorescence changes depend on the structure and chirality of the 
analytes. The fluorescence output data from microarrays yields a 
cross-reactive output with information density sufficient to 
determine the enantiomeric composition in the samples. LDA 
indicated that the response was able to distinguish and 
differentiate enantiomers of chiral analytes with 100% correct 
classification. 
Lastly, semi-quantitative and quantitative analyses aimed at the 
determination of the enantiomeric compositions of chiral amine 
derivatives in aqueous media were carried out. The SVM-based 
method for quantitative determination of the enantiomeric 
composition of 2-aminobutane and valine methyl ester 
demonstrated that the array-based assay correctly differentiates 
mixtures with different enantiomeric excess and correctly predicts 
the e.e. for unknown samples with a high accuracy (a root mean 
square error of prediction, RMSEP < 1.9%). Experiments 
described herein are among the most accurate determination of 
e.e. using fluorescent probes.  
Taken together, the results obtained indicate that self-assemblies 
based on boronate esterification exhibit great potential as 
fluorescent probes for the determination of enantiomeric excess 
of chiral amines and derivatives in a high-throughput manner. 
Experimental Section 
Analyte mixtures for the array experiments were pre-mixed from 8.8 mM 
acetonitrile solutions of chiral ligand (S)-BINOL or one of its two analogues 
(S)-VANOL and (S)-VAPOL, with 8 mM solution of 2-formylphenylboronic 
acid at 1.1:1 equiv. ratio to reach a final concentration of 4 mM. 
Subsequently, different amounts of analyte solution as well as additives 
were added to the solution in order to reach a total volume. For the control 
experiments, an equal amount of blank solution was added. The total 
amount of water in acetonitrile was adjusted in every sample for each 
experiment. The final mixtures were then incubated for 90 min in an 
Eppendorf Thermomixer R at 25°C to allow the complex formation. The 
incubated mixtures were dispensed using a high-precision 16-channel 
pipetting system Nanodrop Express, and then diluted 100 times using BNX 
1536™ liquid handling system in 384-IQ-EB Imager Quality Evaporation 
Barrier Aurora Biotechnologies Microplates. A final concentration of 40 µM 
was obtained. 24 repetitions were performed for each analyte. 
Acknowledgements 
P.A. acknowledges support from NSF (CHE-0750303 and DMR-
1006761). This work was supported in part by an allocation of 
computing time from the Ohio Supercomputer Center. We would 
like to thank Dr. Samer Gozem for helpful discussion. 
Keywords: Supramolecular chemistry • Sensors • Self-assembly 
• Fluorescence • Chirality 
FULL PAPER    
 
 
 
 
 
[1] a) E. Francotte, W. Lindner, Chirality in drug research, Eds. Methods and 
principles in Medicinal Chemistry, Vol. 33, Wiley-VCH, Weinheim, 2006; 
b) M. Eichelbaum, B. Testa, A. Somogyi, Stereochemical aspects of drug 
action and disposition, Eds. Handbook of Experimental Pharmacology, 
Vol. 153, Springer, Berlin, 2003; c) W. J. Lough, I. W. Wainer, Chirality 
in Natural and Applied Science, Blackwell, Oxford, UK, 2002. 
[2] J. Seyden-Penne, Chiral Auxililiaries and Ligands in Asymmetric 
Synthesis, Wiley & Sons, New York, 1995. 
[3] S. France, D. J. Guerin, S. J. Miller, T. Lectka, Chem. Rev. 2003, 103, 
2985-3012. 
[4] E. L. Izake, J. Pharm. Sci. 2007, 96, 1659–1676. 
[5] T. C. Nugent, M. El-Shazly, Adv. Synth. Catal. 2010, 352, 753-819. 
[6] a) L. Pu, Acc. Chem. Res. 2012, 45, 150-163; b) L. Pu, Chem. Rev. 2004, 
104, 1687-1716; c) X. Zhang, J. Yin, J. Yoon, Chem. Rev. 2014, 114, 
4918-4959; d) M. Tsukamoto, H. B. Kagan, Adv. Synth. Catal. 2002, 344, 
453-463; e) G. W. Gokel, W. M. Leevy, M. E. Weber, Chem. Rev. 2004, 
104, 2723-2750; f) K. Ariga, G. J. Richards, S. Ishihara, H. Izawa, J. P. 
Hill, Sensors 2010, 10, 6796-6820; g) X. X. Zhang, J. S. Bradshaw, R. M. 
Izatt, Chem. Rev. 1997, 97, 3313-3362; h) H. Tsukube, S. Shinoda, H. 
Tamiaki, Coord. Chem. Rev. 2002, 226, 227-234; i) L. Mutihac, J. H. Lee, 
J. S. Kim, J. Vicens, Chem. Soc. Rev. 2011, 40, 2777-2796; j) Y. Kubo, 
S. Maeda, S. Tokita, M. Kubo, Nature 1996, 382, 522-524. 
[7] a) G. Gübitz, M. G. Schmid, Mol. Biotechnol. 2006, 32, 159-179; b) W. H. 
Pirkle, T. C. Pochapsky, Chem. Rev. 1989, 89, 347-362; c) F. Gasparrini, 
D. Misiti, C. Villani, J. Chromatogr. A 2001, 906, 35-50; d) Y. Okamoto, 
E. Yashima, Angew. Chem. 1998, 110, 1072-1095; Angew. Chem. Int. 
Ed. 1998, 37, 1020-1043. 
[8] P. L. Polavarapu, Chirality 2002, 14, 768-781. 
[9] a) T. J. Wenzel, Discrimination of Chiral Compounds Using NMR 
Spectroscopy, John Wiley & Sons, Hoboken, NJ, 2007; b) T. J. Wenzel, 
J. D. Wilcox, Chirality 2003, 15, 256-270; c) T. Ema, J. Incl. Phenom. 
Macrocycl. Chem. 2012, 74, 41-55; d) D. Parker, Chem. Rev. 1991, 91, 
1441-1457; e) Y. Zhao, T. M. Swager, J. Am. Chem. Soc. 2015, 137, 
3221-3224. 
[10] a) K. Kobiro, Y. Inoue, J. Am. Chem. Soc. 2003, 125, 421-427; b) A. 
Moletti, C. Coluccini, D. Pasini, A. Taglietti, Dalton. Trans. 2007, 1588-
1592. 
[11] a) P. Metola, E. V. Anslyn, T. D. James, S. D. Bull, Chem. Sci. 2012, 3, 
156-161; b) K. W. Bentley, Y. G. Nam, J. M. Murphy, C. Wolf, J. Am. 
Chem. Soc. 2013, 135, 18052-18055. 
[12] a) G. A. Hembury, V. V. Borovkov, Y. Inoue, Chem. Rev. 2008, 108, 1-
73; b) E. Yashima, K. Maeda, T. Nishimura, Chem. Eur. J. 2004, 10, 42-
51; c) D. Leung, S. O. Kang, E. V. Anslyn, Chem. Soc. Rev. 2012, 41, 
448-479; d) C. Wolf, K. W. Bentley, Chem. Soc. Rev. 2013, 42, 5408-
5424; e) J. W. Canary, S. Mortezaei, J. Liang, Coord. Chem. Rev. 2010, 
254, 2249-2266; f) H. H. Jo, C.-Y. Lin, E. V. Anslyn, Acc. Chem. Res. 
2014, 47, 2212-2221. 
[13] a) P. Metola, S. M. Nichols, B. Kahr, E. V. Anslyn, Chem. Sci. 2014, 5, 
4278-4282; b) S. Nieto, V. M. Lynch, E. V. Anslyn, H. Kim, J. Chin, J. Am. 
Chem. Soc. 2008, 130, 9232-9233. 
[14] a) D. Li, Y. Chen, Z. Liu, Chem. Soc. Rev. 2015, 44, 8097-8123; b) R. 
Nishiyabu, Y. Kubo, T. D. James, J. S. Fossey, Chem. Commun. 2011, 
47, 1106-1123. 
[15] a) S. Fujiwara, N. Takanashi, R. Nishiyabu, Y. Kubo, Green Chem. 2014, 
16, 3230-3236; b) Y. Matsushima, R. Nishiyabu, N. Takanashi, M. Haruta, 
H. Kimura, Y. Kubo, J. Mater. Chem. 2012, 22, 24124-24131. 
[16] a) W. Zhai, X. Sun, T. D. James, J. S. Fossey, Chem. Asian J. 2015, 10, 
1836-1848; b) Z. Guo, I. Shin, J. Yoon, Chem. Commun. 2012, 48, 5956-
5967; c) R. Nishiyabu, Y. Kubo, T. D. James and J. S. Fossey, Chem. 
Commun. 2011, 47, 1106-1123; d) N. Kameta, M. Masuda, T. Shimizu, 
Chem. Commun. 2015, 51, 11104-11107. 
[17] a) H. Jia, J. Zhu, X. Wang, H. Cheng, G. Chen, Y. Zhao, X. Zeng, J. Feng, 
X. Zhang, R. Zhuo, Biomaterials 2014, 35, 5240-5249; b) Y. Li, W. Xiao, 
K. Xiao, L. Berti, J. Luo, H. P. Tseng, G. Fung, K. S. Lam, Angew. Chem. 
Int. Ed. 2012, 51, 2864-2869. 
[18] a) A. Ozawa, A. Shimizu, R. Nishiyabu, Y. Kubo, Chem. Commun. 2015, 
51, 118-121; b) L. Li, C. Yuan, L. Dai, S. Thayumanavan, 
Macromolecules 2014, 47, 5869-5876. 
[19] a) A. E. Albers, B. C. Dickinson, E. W. Miller, C. J. Chang, Bioorg. Med. 
Chem. Lett. 2008, 18, 5948-5950; b) W. Niu, M. D. Smith, J. J. Lavigne, 
J. Am. Chem. Soc. 2006, 128, 16466-16467. 
[20] T. Kojima, J. Nishida, S. Tokito, Y. Yamashita, Chem. Lett. 2008, 37, 
1122-1123. 
[21] a) C. C. Deng, W. L. A. Brooks, K. A. Abboud, B. S. Sumerlin, ACS Macro 
Lett. 2015, 4, 220-224; b) L. He, D. E. Fullenkamp, J. G. Rivera, P. B. 
Messersmith, Chem. Commun. 2011, 47, 7497-7499. 
[22] M. Hutin, G. Bernardinelli, J. R. Nitschke, Chem. Eur. J. 2008, 14, 4585-
4593. 
[23] A. Wilson, G. Gasparini, S. Matile, Chem. Soc. Rev. 2014, 43, 1948-1962. 
[24] D. A. Tickell, M. F. Mahon, S. D. Bull, T. D. James, Org. Lett. 2013, 15, 
860-863. 
[25] Y. Pérez-Fuertes, A. M. Kelly, A. L. Johnson, S. Arimori, S. D. Bull, T. D. 
James, Org. Lett. 2006, 8, 609-612. 
[26] a) A. M. Kelly, Y. Pérez-Fuertes, S. Arimori, S. D. Bull, T. D. James, Org. 
Lett. 2006, 8, 1971-1974; b), A. M. Kelly, Y. Pérez-Fuertes, S. L. Yeste, 
S. D. Bull and T. D. James, Nat. Protoc. 2008, 3, 215-219. 
[27] Y. Pérez-Fuertes, A. M. Kelly, J. S. Fossey, M. E. Powell, S. D. Bull, T. 
D. James, Nat. Protoc. 2008, 3, 210-214. 
[28] E. G. Shcherbakova, T. Minami, V. Brega, T. D. James, P. Anzenbacher 
Jr., Angew. Chem. Int. Ed. 2015, 54, 7130-7133. 
[29] Gaussian 09, Revision E.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, 
G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, 
B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. 
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. 
Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, 
Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. 
Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. 
Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. 
Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. 
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. 
Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. 
Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. 
D. Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, D. J. 
Fox, Gaussian, Inc., Wallingford CT, 2009. 
[30] A. P. de Silva, H. Q. N. Gunaratne, T. Gunnlaugsson, A. J. M. Huxley, C. 
P. McCoy, J. T. Rademacher, T. E. Rice, Chem. Rev. 1997, 97, 1515-
1566. 
[31] E. Galbraith, A. M. Kelly, J. S. Fossey, G. Kociok-Köhn, M. G. Davidson, 
S. D. Bull, T. D. James, New J. Chem. 2009, 33, 181-185. 
[32] R. N. Patel, Coord. Chem. Rev. 2008, 252, 659-701. 
[33] a) K. Varmuza, P. Filzmoser, Introduction to multivariate statistical 
analysis in chemometrics, CRC Press, Boca Raton, 2009; b) V. N. 
Vapnik, The nature of statistical learning theory, Springer, New York, 2nd 
ed., 2000; c) A. Akdeniz, T. Minami, S. Watanabe, M. Yokoyama, T. Ema, 
P. Anzenbacher, Jr., Chem. Sci. 2016, 7, 2016-2022. 
.
FULL PAPER    
 
 
 
 
 
 
FULL PAPER 
 
 Elena G. Shcherbakova,[a] Valentina 
Brega,[a] Tsuyoshi Minami,[a] Sara 
Sheykhi,[a] Tony D. James,[b] Pavel 
Anzenbacher, Jr.*[a] 
Page No. – Page No. 
Toward Fluorescence-Based High-
Throughput Screening for Enantiomeric 
Excess in Amines and Amino Acid 
Derivatives  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
